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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
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Introduction

This document is a geometrical product specification (GPS) standard and is to be regarded as a general GPS
standard (see ISO 14638). It influences chain links C and E in the GPS matrix structure.

The ISO GPS matrix model given in ISO 14638 gives an overview of the ISO GPS system of which this document
is a part. The fundamental rules of ISO GPS given in ISO 8015 apply to this document and the default decision
rules given in ISO 14253-1 apply to the specifications made in accordance with this document, unless
otherwise indicated.

For more information on the relationship of this document to the filtration matrix model, see Annex C.

For more
see Annqg

This dog
Linear G
waveleng
surface |

detailed information on the relation of this document to other standards and the GPS matn
x D.

ument develops the terminology and concepts of linear Gaussian filters for\surface
hussian filters for surface profiles have a transmission of 50 % for sinusoidal surface prof
rths equal to the cut-off wavelength. It separates the large- and small-scale lateral comp
rofiles in such a way that the surface profiles can be reconstructed withetbaltering.

ix model,

profiles.
iles with
bnents of
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International Standard ISO 16610-21:2

025(en)

Geometrical product specifications (GPS) — Filtration —

Part 21:
Linear profile filters: Gaussian filters

1 Scoj

This doc
how to s¢

The con
appropri
with re-d

Impleme

2 Nor
The follo

the lates
ISO 1661

[SO 1661
concepts

1SO/IEC (

3 Terl

For the
ISO/IEC

ISO and [EC maintain térmiinology databases for use in standardization at the following addresses:

— ISO
— IECH

pe

iment specifies linear Gaussian filters for the filtration of surface profiles. It defines,in p
bparate large- and small-scale lateral components of surface profiles.

cept presented for closed profiles are applicable to the case of roundness filtratioy
hte, these concept can be extended to generalized closed profiles, especially for surfacg
ntrant features.

htation details are given in Annex A for open profiles and Annex B or closed profiles.

mative references

edition of the referenced document (including anfZamendments) applies.
0-1, Geometrical product specifications (GPS) <x¥iltration — Part 1: Overview and basic con(

0-20, Geometrical product specifications. (GPS) — Filtration — Part 20: Linear profile filt
huide 99, International vocabulary,efmetrology — Basic and general concepts and associated tef
ms and definitions

purposes of this dgcument, the terms and definitions given in ISO 16610-1, ISO 1
[uide 99 and the follogwing apply.

nline brewsing platform: available at https://www.iso.org/obp

flectropedia: available at https://www.electropedia.org/

3.1

hrticular,

. Where
profiles

iving documents are referred to in the text in such a waythat some or all of their content constitutes
requirenjents of this document. For dated references, only theedition cited applies. For undated re

ferences,

epts

brs: Basic

ms (VIM)

6610-20,

surface profile
line resulting from the intersection between a surface portion and an ideal plane

Note 1 to entry: The orientation of the ideal plane is usually perpendicular to the tangent plane of the surface portion.

Note 2 to entry: See ISO 17450-1:2011, 3.3 and 3.3.1, for the definition of an ideal plane.

[SOURCE

:1S0 16610-1:2015, 3.1.2, modified — Note 2 to entry replaced.]

© IS0 2025 - All rights reserved
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open profile

finite len

gth surface profile (3.1) with two ends

Note 1 to entry: An open profile has a compact support, i.e. within a certain interval the height values of an open
profile can be equal to any real number. Outside the interval, the height values of an open profile are set to zero.

[SOURCE: ISO 16610-1:2015, 3.7, modified — Note 1 to entry replaced.]

3.1.2

unbounded open profile
infinite length surface profile (3.1) without ends

Note 1 to
Note 2 to

3.1.3
closed p
connectd

Note 1 to
Note 2 to
[SOURCH

3.2

linear p1
profile fi
a linear f|

Note 1 to

entry: In this document, the term “unbounded” refers to the X-axis.

entry: The concept of the unbounded open profile is ideal and do not apply to real surface profiles.

rofile
d finite length surface profile (3.1) without ends

entry: A closed profile is a closed curve which is periodic with the finite period length L.
entry: A typical example of a closed profile is one from a roundness measurement.

: IS0 16610-1:2015, 3.8, modified — Note 1 to entry replaced and Note 2 to entry added.]

rofile filter
ter which separates surface profiles (3.1) into large-"and small-scale lateral components a
unction

being a ligear function implies F (a X+ b Y) = a F(X) + b F[Y).

[SOURCH: ISO 16610-20:2015, 3.1, modified — In'definition “profiles” replaced by “surface profiles”
wave” anld “short wave” replaced by “large-scale lateral” and “small-scale lateral”; Note 1 to entry r
3.3

weighting function

function|to calculate large-scale lateral components by convolution of the surface profile heights
function

Note 1 to|entry: The convolution (see ISO 16610-20:2015, 4.1) performs a weighted moving average of t}
profile hdights. The weightihg function, reflected at the X-axis, defines the weighting coefficients for the
process.

3.4

transmipsion characteristic of a filter

characte

Fistic that indicates the amount by which the amplitude of a sinusoidal surface profile is at

as a func

nd is also

entry: If Fis a function and X and Y are surface profiles, and if a and b are independent from X and Y, then F

ind “long
bplaced.]

with this

e surface
hveraging

tenuated

tion of its wavelength

Note 1 to entry: The transmission characteristic is the Fourier transformation of the weighting function (3.3).

[SOURCE
3.5

:1S0 16610-20:2015, 3.4, modified — "surface" added before "profile".]

cut-off wavelength

A

C

wavelength of a sinusoidal surface profile of which 50 % of the amplitude is transmitted by the profile

Note 1 to entry: Linear profile filters are identified by the filter type and the cut-off wavelength value.

Note 2 to entry: The cut-off wavelength is the nesting index for linear profile filters.

© IS0 2025 - All rights reserved
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[SOURCE: ISO 16610-20:2015, 3.5, modified — "surface" added before "profile", "profile filter" replaced by

"profile"

3.6

and in Note 2 to entry “recommended” deleted.]

undulations per revolution

UPR
integer n

umber of sinusoidal undulations contained in a closed profile (3.1.3)

Note 1 to entry: In this document, UPR is a frequency and is denoted by f.

3.7

cut-off frequency in undulations per revolution

fe

frequend
profile fi

4 Characteristics of the Gaussian filter for unbounded open profiles

4.1 General

In this cl
open pr
open pr

4.2 Gaussian weighting function

The Gaug
defined 4

f
jfiles is considered in Annex A.

y in UPR of a sinusoidal closed profile (3.1.3) of which 50 % of the amplitude is transmitt
ter

bd by the

huse, the ideal filtration of unbounded open profiles is considered. Forthis purpose, the unbounded

iles are convolved with the ideal Gaussian weighting function ofififinite length. The tred

sian weighting function with cut-off wavelength A.\(see Figure 1) for unbounded open g

ccording to Formula (1):

tment of

rofiles is

5(v) A ®)
o C
where
v is the distance from the centre (maximum) of the Gaussian weighting function;
s(v) | isthe Gaussian weighting function depending on v;
Ae is the cut-off wavelength;
o is the constant to provide 50 % transmission characteristic at the cut-off wavelength A,
The congtant ¢ is.given by Formula (2):
1 1 1
a= B2 0,469 7318 31 )
x 677 66

© IS0 2025 - All rights reserved
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The
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Y A

v/
s(V)fe

Figure 1 — Weighting function of the Gaussian filter for unbounded open profiles

Determination of the large-scale lateral component

-0,5 0 0,5 1 X

largg-scale lateral component of an unbounded open profile is determined by convolution of thee heights

of this unjbounded open profile with the Gaussian weighting function according to Formula (3):

w(x]|= jz(u)s(x—u)du (3)
where

X is the.given x-coordinate;

u is‘the integration variable along the X-axis of the unbounded open profile;

z(u) is the unbounded open profile depending on u;

S(x - ) is the Gaussian weighting function reflected at the ordinate axis at the given x-coordinate and

depending on u;
w(x) is the large-scale lateral component of the unbounded open profile depending on x.

© IS0 2025 - All rights reserved
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4.3.2 Determination of the small-scale lateral component

The small-scale lateral component of an unbounded open profile is determined by subtracting the large-scale
lateral component of this unbounded open profile, Formula (3), from this unbounded open profile according
to Formula (4):

r(x)=z(x)-w(x) (4)
where
X is the given x-coordinate;

z(x) is the unbounded open profile depending on x;
w(x)| isthelarge-scale lateral component of the unbounded open profile depending on X;

r(x) is the small-scale lateral component of the unbounded open profile depending on x.
4.4 Transmission characteristics

4.4.1 Transmission characteristic for the large-scale lateral component

The transmission characteristic for the large-scale lateral component(of an unbounded open prpfile (see
Figure 2] is determined from the Gaussian weighting function by means of the Fourier transformation and is

given by [Formula (5):

o |7 ]2 :2‘(%2 (5)

dy

where

ay |s the amplitude of a sinusoidal unbounded open profile before filtration;
a; |s the amplitude of this sinusoidalLunbounded open profile after filtration;
A |s the wavelength of this situsoidal unbounded open profile;

4. s the cut-off wavelength;

s the constant toprovide 50 % transmission characteristic at the cut-off wavelength A. and is defined

hccording to Formula (2).

© IS0 2025 - All rights reserved
5


https://standardsiso.com/api/?name=65139737120a83a384efaa03db815eb3

Key
X

Y

70
60
50

wavdlength 4 in mm

ampllitude transmission a; /gy in per cent

Figure

442

The

tran

Figure 3]

unbounded open profile, Formula (5), and-is given by Formula (6):

(12_
ap

where

o
a
a
A
e

100 \

90
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Y 4 2c=0,08mm A:=0,25mm A.=0,8mm Ac=2,5mm A:;=8,0mm

>

10 N

0 i

1072 10°

2 — Transmission characteristic for the large-scale lateral component of unbounde
profiles

'rTansmission characteristic for the small-scale lateral component

smission characteristic for the small-scale lateral component of an unbounded open pr
is complementary to the transmission characteristic for the large-scale lateral compone

{5
_A g o2

dg

s the amplitude of a sinusoidal unbounded open profile before filtration;

s the-amplitude of this sinusoidal unbounded open profile after filtration;

d open

bfile (see
ht of this

(6)

s-the amplitude of the small-scale lateral component of this sinusoidal unbounded open pi

ofile;

is the wavelength of this sinusoidal unbounded open profile;

is the cut-off wavelength.

© IS0 2025 - All rights reserved
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Y A 2=0,08 mm A:=0,25mm Ac.=0,8 mm AC—ZSmm Ac=8,0 mm

4

Key

X  wave
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Figure

5 Chajracteristics of the Gaussian filter,for closed profiles

5.1 General

In this ¢
purpose,
treatmet]

5.2 Gaussian weightingfunction

The Gaud
accordin

30

0

0
|0

0
1072 10°

length A in mm

3 — Transmission characteristic for the small-scale lateral component of unbounde
profiles

ause, the ideal filtration of ‘€losed profiles applied to roundness profiles is considered

t of a truncated Gaussidnweighting function with finite length is considered in Annex B.

sian weightifig'function with cut-off frequency in UPR f_ (see Figure 4) for closed profiles i
b to Formula<{7):

d open

For this

the closed profiles are convolved with the ideal Gaussian weighting function of infinite lepgth. The

5 defined

v fe 2
Fas

(7)

AL
A= =)

is the distance from the centre (maximum) of the Gaussian weighting function;
is the Gaussian weighting function depending on v;
is the cut-off frequency in UPR;

is the period length of the closed profile;

© IS0 2025 - All rights reserved
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a is the constant to provide 50 % transmission characteristic at the cut-off frequency in UPR f,.

The constant ¢ is given by Formula (8):

dz,/m—2:0,469 7z—318z£ (8)
T 677 66

NOTE With the relationship between the finite period length of the closed profile L and the cut-off frequency in
UPR f, the cut-off wavelength A is givenby A, =L/ f. . This relationship is applied for Formula (7).

Ya
2.5
2
145
1
0}5
0
-1 0,5 0 0,5 1 X
Key
X V'fc /L
Y SWIL/ L
Figure 4 — Weighting function of the Gaussian filter for closed profiles
5.3 Filter equations
5.3.1 Determination-of the large-scale lateral component
The largg-scale_lateral component of a closed profile is determined by convolution of the heights of this
closed pifofile With the Gaussian weighting function according to Formula (9):
W(x)= jZ(u)g(x—u)du 9)
where
X is the given x-coordinate;
u is the integration variable along the X-axis of the closed profile;
Z(u) is the closed profile depending on u;

© IS0 2025 - All rights reserved
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is the Gaussian weighting function reflected at the ordinate axis at the given x-coordinate and

S(x—u) depending on u;
w(x) is the large-scale lateral component of the closed profile depending on x.
NOTE For a closed profile Z(x) applies Z(x)=Z(x+L), where L is the finite period length of the closed

profile, thus w(x)=w(x+L).

5.3.2 Determination of the small-scale lateral component

The small-scale lateral component o

NOTE

54 Tr

5.4.1

The tran|
determir
Formula

i

osed profile

facl

is the given x-coordinate;

is the closed profile depending on x;

is the large-scale lateral component of the closed profile depending on x;
is the small-scale lateral component of the closed profile.depending on x.

Z(x) and w(x) are periodic with the finite period lengthL, thus 7(x)=7(x+L).
hnsmission characteristics

'ransmission characteristic for the large-scale lateral component

ed from the Gaussian weighting function by means of the Fourier transformation and is

(11):
JZ = _[f
=2 fe

Q

_n[_f
e L

s the amplitude of a sinusoidal closed profile before filtration;
s the amplitude of this sinusoidal closed profile after filtration;

s+the frequency in UPR of this sinusoidal closed profile;

smission characteristic for the large-scale lateral component of a closed profile (see Fig

is determined by subtracting the large-scale lateral

(10)

ure 5) is
given by

(11)

fe

NOTE

is the cut-off frequency in UPR;

is the constant to provide 50 % transmission characteristic at the cut-off frequency in UPR f, and is

defined according to Formula (8).

The relationship between the frequency in UPR fand the wavelength A is givenby A=L/ f, where L is
the period length of the closed profile.

© IS0 2025 - All rights reserved
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54.2 1]

The tran|
complem
profile, H

30

0

0
|0

0

10° 10 10

ency fin UPR

e 5 — Transmission characteristic for the large-scale lateral component of closed pr

'ransmission characteristic for the small-scale lateral component

smission characteristic for the small-scale lateral component of a closed profile (see Fig
entary to the transmission characteristic for the large-scale lateral component of th

ormula (11), and is given by Formula’/(12):

s the amplitude’of a sinusoidal closed profile before filtration;
s the amiplitude of this sinusoidal closed profile after filtration;

s the'amplitude of the small-scale lateral component of this sinusoidal closed profile;

ofiles

ure 6) is
is closed

(12)

fe
NOTE

s the Irequency 1In UFK oI this sinusoidal closed profile;

is the cut-off frequency in UPR.

The relationship between the frequency in UPR fand the wavelength A is givenby A=L/ f, where L is
the period length of the closed profile.

© IS0 2025 - All rights reserved
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For unbg
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Y 4

>

fc:15 fc:50 fc:150 fc=500 fc:1500

0

0 1:
10 N

0 :
10° 10 10

ency fin UPR

es of nesting index values

unded open profiles or open profilessand if not otherwise specified, the nesting inde

e 6 — Transmission characteristic for the small-scale lateral component of closed profiles

K (cut-off

pecified,

e 5, shall

wavelength A.) from the following series of yalues shall be used:
Ac=|.; 2,5um; 8um; 25pum; 80pum; 250 pum; 0,8 mm; 2,5mm; 8 mm; 25mm; ...
For rounfdness profiles exemplarily-used as closed profiles in this document and if not otherwise 4
the nestipg index (cut-off frequency in UPR f.) from the following series of values shall be used:
fe=%; 15; 50; 150; 500,71 500; 5 000; ...
7 Filter designation
Gaussian filters in accordance with this document and in accordance with ISO 16610-1:2015, Claus
be designpated as:
FPLG
NOTE FPLG corresponds to filter for surface profiles of the linear Gauss type.

© IS0 2025 - All rights reserved
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Annex A
(informative)

Implementation details of the Gaussian filter for open profiles

A.1 General

This annlex describes the implementation of the Gaussian filter for open profiles. Clause A.2 desc

impleme
of the e
retainmg
impleme

A2 Trn

A21 1

In theor
practical
Gaussian

Sc (V) A

C

o

A.2.2 K

htation by truncation of the Gaussian weighting function. This procedure also results in tf]
yaluable surface profile. Clause A.3 describes the implementation by the method of
nt. This method does not truncate the evaluable surface profile. Examples are-given
htation methods.

eatment of the end effect regions by truncation

runcated Gaussian weighting function

, the domain of Gaussian weighting function is from minus’infinity to plus infinity.
le implementation the Gaussian weighting function is _trfuncated. Taking into account
weighting function approaches zero in regions far enough from its centre (for |v|> A, it fol

< 1,394 2><10_6), the truncated Gaussian weighting$unction can be expressed by Formul3

2
L)
e %% —L. A SVv<L. A

oA

0 otherwise

is the distance from the centre (maximum) of the truncated Gaussian weighting functi

is the truncated Gaussian weighting function depending on v ;
is the cut-off wavelength;
is the trunc€ation constant with L. >0;

is the-edonstant defined according to Formula (2).

ilter'équations

ribes the
uncation
moment
for both

For any
that the
ows that

(A1):

A1)

A2.2.1

Determination of the large-scale lateral component

Using the truncated Gaussian weighting function, the large-scale lateral component of an open profile is
determined according to Formula (A.2):

x+Le A
z(u) s, (x—u)du
=4 x-L. 2,

w(x)= -t {x|x—L. 2. € QAx+L. A. € Q} (A.2)

by

0 otherwise

© IS0 2025 - All rights reserved
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where
X is the given x-coordinate;
u is the integration variable along the X-axis of the open profile;
z(u) is the open profile depending on u;
5. (x—u) is the truncated Gaussian weighting function reflected at the ordinate axis at the given x-co-
¢ ordinate and depending on u;
A is the cut-off wavelength;
L, is the truncation constant with L. >0;
w(x is the large-scale lateral component of the open profile depending on x;
Q is the finite interval, expressed as a set, in which the open profile can be/any real nymber;
by is a value to provide 100 % transmission characteristic at the wavelength 4 — .
The valug b, is calculated according to Formula (A.3):
LC ﬂ’C
by = I se(v)dv A.3)
Le )'c
A.2.2.2 [Determination of the small-scale lateral component
The small-scale lateral component of an open profile is;determined by subtracting the large-scale lateral
compongnt of this open profile, Formula (A.2), from this\open profile according to Formula (A.4):
r(x)gz(x)-w(x) A.4)
where
X is the given x-coordinate;
z(x)| isthe open profile depending on x;
w(x) isthe large-scalelateral component of the open profile depending on x;
r(x)| isthe smalf=seale lateral component of the open profile depending on x.
A.2.3 Transmission characteristics
A.2.3.1 |Transmission characteristic for the large-scale lateral component
The transmission characteristic for the large-scale lateral component of an open protile is determined
from the truncated Gaussian weighting function by means of the Fourier transformation and is given by
Formula (A.5):
L A
_[’I_CJZ Re[erf[ < +ivVIn2 TCH
a J
a_, % 2 __ (A.5)
s
90 erf £
In2
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where
ag is the amplitude of a sinusoidal open profile before filtration;
@ is the amplitude of this sinusoidal open profile after filtration;
A is the wavelength of this sinusoidal open profile;
Ae is the cut-off wavelength;
L is the truncation constant with L. >0;

erf (b Istheerror furnction for comptex Tumbers k= €;
i is the imaginary unit (i =-1);
Re is the real part of a complex number.

A.2.3.2 [Transmission characteristic for the small-scale lateral component

The trangmission characteristic for the small-scale lateral component of an 0pen profile is compl¢mentary
to the trgnsmission characteristic for the large-scale lateral component for this open profile, Formpla (A.5),

and is given by Formula (A.6):
L A
&]2 Re[erf( T L ivinz —Cﬂ

B2 h__q1 (/1 Vin2 4 A.6)
ag agp orf T LC
In2
where
ag is the amplitude of a sinusoidal open profile before filtration;
a is the amplitude of this sinusoidal open profile after filtration;
a, is the amplitude of the small<scale lateral component of this sinusoidal open profile;
A is the wavelength of(this sinusoidal open profile;
Ae is the cut-off wavelength;
L, is the truné¢ation constant with L. >0;

erf(k) is theetror function for complex numbers ke C;
i isthe imaginary unit (i =-1);

Re is the real part of a complex number.

A.2.4 End effect regions

Due to the truncation of the Gaussian weighting function and the finite length of the open profile, the length
of the filtered open profile is 2 L. A. shorter than the length of the unfiltered open profile. The regions where

the convolution cannot be applied is called the end effect regions of the filter.

A.2.5 Choice of truncation constant L.

Different truncation values lead to different transmission errors, which in turn depend on the application.
For applications where high precision is required, such as reference software, a truncation constant L. =1

© IS0 2025 - All rights reserved
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is recommended. For general use, a truncation constant L.=0,5 can be used. The use of a truncation

constant smaller than L. =0,5 is not recommended.

A.2.6 Examples

Figure A.1 shows truncated Gaussian weighting functions with different truncation constants L.. For
truncation constants L. smaller than 0,5, the weighting function is significantly different from the ideal
Gaussian weighting function, which also significantly changes the transmission characteristic of the filter.

To show the influence of the truncation constant L. on the filter behaviour, the two truncation constants

L.=0,5 and L. =0,2 are applied in comparison to the truncation constant L. =1.

Key

O W o> < X

Figure Al

v/
sc (v
trung
trun

trun

Ya

A

ation constant L. =1 (light'grey solid line)
ation constant L. =\0;5 (dark grey solid line)

ation constant.L_=0,2 (black dashed line)

Figure A.1— Truncated Gaussian weighting function for different truncation constanits

| 2-Shows the filter behaviour on a ground surface profile in the presence of nominal sh

ape. The

selected cut-off wavelength is 4. =0,8 mm and the two different truncation constants are L. =1 (key item
B) and L. =0,5 (key item C), respectively. The large-scale lateral components using L. =1 and L. =0,5 are

almost identical.
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Key
X lengr, in mm
Y  height, in pum
A unfiltered open profile
B largetscale lateral component of the open profile after filtratiorik™4, =0,8 mm, L. =1 (grey solid line)
C  largetscale lateral component of the open profile after filtzation: A, =0,8 mm, L. =0,5 (black dashed lin¢)
D end gffect regions: L, =1 (grey solid line)
E  end gffect regions: L. =0,5 (black dashed line)
NOTE Shown are the large-scale lateral components of the surface profile for two different truncation [constants

L.=1 and L. =0,5 of the Gaussian weightipg-function.
Figure A.2 — Gaussian filtration applied to a ground surface profile in the presence of nominal shape

Figure Al3 shows the filter behaviour on the same ground surface profile (see Figure A.2) for the cut-off
wavelength A.=0,8 mm and’the two different truncation constants L. =1 (key item B) and L. H0,2 (key

item C). [The large-scalé ateral components of the surface profile using L.=1 and L. =0,2 respectively,

differ. Asican be seen in Figure A.1, the Gaussian weighting function was significantly changed by trfjuncation
with L. +0,2 and(thus also its transmission characteristic.
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Key
X lengr in mm
Y heightin um
A unfiltered open profile
B largetscale lateral component of the open profile after filtratiori\4. =0,8 mm, L. =1 (grey solid line)
C  largetscale lateral component of the open profile after filtration: A, =0,8 mm, L. =0,2 (black dashed lin
D end gffect regions: L, =1 (grey solid line)
E  end gffect regions: L. =0,2 (black dashed line)
NOTE Shown are the large-scale lateral components of the surface profile for two different truncation
and of thq Gaussian weighting function.
Figure A.3 — Gaussian filtration applied to a ground surface profile in the presence of nomin
A.3 Treatment of the end effect regions applying the method of moment retain
A.3.1 (eneral
This annex defines’the moment retainment method (see Reference [6]) to treat the end effect r

the Gaugsian filter for open profiles. The moment retainment method performs an automatic |
correctignwith defined properties (see A.3.3.1). By agreement with the customer, other methods ¢

inISO 1

4
—

constants

al shape

iment

boijons of
oundary
escribed

10-28 can be used to treat the end effect regions

A.3.2 Filter equations

A3.2.1

General

Depending on the selected cut-off wavelength A, and the truncation constant L, the length of a filtered

open profile can be significantly smaller than the length of an unfiltered open profile due to the end effect
regions. If the remaining evaluation part of the profile becomes too short after filtration (in order to retain
valuable parameters), Formula (A.7) or Formula (A.9) should be applied to determine either the large-scale
lateral component or the small-scale lateral component of the open profile.
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Determination of the large-scale lateral component

Using the method of moment retainment, the large-scale lateral component of an open profile is determined

according to Formula (A.7):

X+L. 2.

z(u)[by (x)=p by (x) (x —u)]sc (x—u)du

W(X)Z x=L¢ A¢ xe O (A.7)
2
by (x) by (x)=p by (x)
0 otherwise
where
X is the given x-coordinate;
u is the integration variable along the X-axis of the open profile;
z(u) is the open profile depending on u;
5. (q-u) is the truncated Gaussian weighting function reflected at the ordinate axis at the given x-co-
¢ ordinate and depending on u;
Ae is the cut-off wavelength;
L, is the truncation constant with L. >0;
w(x is the large-scale lateral component of the openprofile depending on x;
Q is the finite interval, expressed as a set, iniwhich the open profile can be any real nymber;
b; (x) are the correction terms ( j=0,1,2 ) depending on x;
p is the moment retainment at end@ffect regions (p=0,1).
The corrpction terms b; (x) are calculated:gccording to Formula (A.8):
x+L. A;
j q(u)(x-u)’ s, (x=u)du xeQ and j=0,1,2
b] (X): X—LC lc A8)
0 otherwise
1 ueQ
where |q(u)=
0 otherwise
A.3.2.3 [Determination of the small-scale lateral component
The small-sealé lateral component of an open profile is determined by subtracting the large-scale lateral
compongntefthis open profile, Formula (A.7), from this open profile according to Formula (A.9):
r(x)=z(x)-w(x) (A9)
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where
X is the given x-coordinate;
z(x) is the open profile depending on x;
w(x) is the large-scale lateral component of the open profile depending on x;
r(x) is the small-scale lateral component of the open profile depending on x;

A.3.3 Choice of parameter p and truncation constant L_

A3.3.1

The appr

A.3.3.2

Regardir

A.3.3.3

With
prof

later
resu

With
poly
With

distd
comj

Thed

p=0
the (
XwW
term

p=1
weig
the ¢
b; (4
Furt
this

General
oach given by Formula (A.7) has the following properties:

in the inner region {x|x—L. A, € QAax+L.A.€Q}, the Gaussian weighting function for

le remains unchanged and the choice of parameter p has no effect on caleutating the la
al component of the open profile. In this case, Formula (A.2) and Formula’ (A.7) lead to
t for the large-scale lateral component w(x).

in the inner region {x|x-L.A.€e QAx+L. A .€Q}, the filtratioh result follows a 13
homial locally. This also applies to Formula (A.2).

nce to the profile ends, where parameter p controls the degree of following large-sca
bonents close to the open profile ends.

retically, any value L. >0 for the truncation constant can be used.

Choice of parameter p
g the choice of parameter p, the following applies:

can be used for an open profile with’an F-operation before applying the Gaussian filter. In

aussian weighting function is additionally truncated at the ends of the open profile. For eack
thinthe end effectregions, thearea of the Gaussian weighting function is normalized by the c
by (x), Formula (A.8), tooneé to provide 100 % transmission characteristic at wavelength

can be used for an/open profile in the presence of a nominal shape. In this case, the

hting function is additionally truncated at the ends of the open profile. For each position
nd effect regions,the area of the Gaussian weighting function is normalized by the correcti
), FormulaA'8), to one to provide 100 % transmission characteristic at wavelengt}

hermore,the filtration result follows a 15tdegree polynomial within the end effectregions. T
hpplieswithin the entire open profile, and p = 1 is the recommended choice.

Choice of truncation constant L

an open

ge-scale
Lhe same

t degree

in the end effect regions, the shape of the Gaussian weighting function changes depending on the

e lateral

this case,
position
brrection
A — oo,

Gaussian
x within
on terms
| A — oo,

herefore,

Different truncation values lead to different transmission errors, which in turn depend on the application.
For applications where high precision is required, such as reference software, a truncation constant L. =1

is recommended. For general use, a truncation constant L.=0,5 can be used. The use of a truncation
constant smaller than L. =0,5 is not recommended.

A.3.4 Examples

Figure A.4 shows the filter behaviour applying the moment retainment method to a turned surface profile.
The selected cut-off wavelength is 4. =0,8 mm and the truncation constant is L. =1. Shown is the large-
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scale lateral component of the surface profile for two different parameters p=1 (key item B) and p=0 (key
item C).
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Key
X lengillh in mm
Y  heightin pm
A unfilfered open profile
B largescale lateral component of the open profile after filration: A, =0,8 mm, p = 1 (grey solid line)
C  largetscale lateral component of the open profile after filtration: A, =0,8 mm , p = 0 (black dashed line)
D end gffect regions: L. =1
NOTE Shown are the large-scale latefal*components of the surface profile for two different parameters
p=1 and p=0.
Figure A.4 — Gaussian filtrationm with the moment retainment method for the treatment of the end-
effect regions applied to a turned surface profile
Figure A|5 shows the filter'behaviour applying the moment retainment method to a ground surfage profile
in the presence of rieminal shape. The selected cut-off wavelength is A.=0,8 mm and the trfuncation
constant|is L. =47)Shown is the large-scale lateral component of the surface profile for two |different
parameters p=1 (key item B) and p=0 (key item C).
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A unfiltered open profile
B largetscale lateral component of the open profile after filtratiork\4, =0,8 mm , p = 1 (grey solid line)
C ef-scale lateral component of the open profile after filtration: A, =0,8 mm , p = 0 (black dashed line)
D g¢ffect regions: L. =1
Shown are the large-scale lateral components of the surface profile for two different parameters |p=1 and

NOTE

p=0.Thg truncation constantis L. =1.

Figure

effect regions applied to'a ground surface profile in presence of nominal shape

Figure Al6 shows the filter behraviour applying the moment retainment method for the same groun

profile aj

A.5 — Gaussian filtration with the moment retainment method for the treatment of the end-

d surface

in Figure A.5, butwith a different truncation constant L. =0,5. The selected cut-off wavglength is

A. =0,8 [mm. Shown is tli€large-scale lateral component of the surface profile for two different pafameters
p=1 (kqy item B) ad-p=0 (key item C). Comparing Figure A.5 and Figure A.6, the truncation donstants
L. =1 and L. =0,/5\lead to almost the same filtration result.
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X lengr in mm

Y heightin um

A unfiltered open profile
B largetscale lateral component of the open profile after filtratiork’\4, =0,8 mm , p = 1 (grey solid line)
C

D

largerscale lateral component of the open profile after filtration: A, =0,8 mm, p = 0 (black dashed line)
end ¢ffect regions: L. =0,5
NOTE Shown are the large-scale lateral components of the surface profile for two different parameters |p=1 and

p=0.Thp truncation constantis L. =0,5.

Figure A.6 — Gaussian filtration with the moment retainment method for the treatment of the end-
effect regions applied to'a ground surface profile in presence of nominal shape
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